SUMMARY In 38 patients who underwent cerebrovascular evaluation followed by angiography the Doppler ultrasound scanning technique was found to be an excellent screening procedure for detecting marked stenosis (>50%) or occlusion of the internal carotid artery (93% correlation). It is noninvasive, easily reproducible and can be performed by a qualified technician. The major problems are: the inability to detect ulcerated plaques without marked stenosis, the requirement for patient cooperation (lying still for periods of 15 minutes), and the fact that it assesses only the extracranial circulation.
EVEN THOUGH HUNT
1 in 1914 speculated on the importance of atherosclerotic disease in extracranial carotid arteries as a cause of cerebral infarction, it remained for Moniz et al. 2 in 1937, by means of cerebral angiography, to document antemortem occlusion of cervical internal carotid arteries in 4 cases with cerebral infarction. Fisher 3 in 1951 reemphasized the need to examine the cervical vessels at postmortem in patients having cerebrovascular dysfunction and stressed the clinical picture with which these patients presented. Shortly thereafter, surgical reconstruction of stenosed atherosclerotic internal carotid arteries in the cervical region was performed 4 -5 and advocated for some patients having transient cerebral ischemic symptoms in the appropriate carotid artery distribution.
Cerebral angiography remains the best procedure for delineating extracranial carotid artery occlusive disease, but since it is not without risks 6 ' 7 (albeit small), various physical findings 8 and noninvasive diagnostic procedures 9 have been advocated to help select the patients having transient cerebral ischemic attacks who would most benefit from cerebral angiography.
Spencer et al. 10 have described a technique utilizing a continuous wave Doppler ultrasonic flowmeter to image the carotid bifurcation and assess the velocity flow signals and from this determine the presence of marked stenosis (>50%) or occlusion in these vessels. We have examined 137 patients utilizing the Spencer technique, and from 38 of these who underwent cerebral angiography determined the correlation between the 2 procedures. These results were then compared with those reported in the literature using similar techniques. A correlation was also made with cervical bruits, ophthalmic Doppler flow and findings at angiography.
Methods

Instrumentation
Figure 1 is a schematic representation of the scanning system.* The scan console contains a continuous wave Doppler flowmeter connected to a transducer which can be used attached to or apart from the scanning arm. Audible Doppler sounds from the flowmeter are distributed to the speaker and to 1 channel of the stereo tape recorder (the other channel is used for recording the operator's voice). The velocity signal is distributed to a strip chart recorder for permanent velocity tracings and to display the monitor which also contains a pulse signal and adjustable threshold. The velocity signals, when greater than the adjustable threshold, send a beam signal to the Z axis of the storage oscilloscope to intensify the spot on this monitor. Potentiometers located in scanning arm circuitry provide input to storage oscilloscope for X and Y axis location of beam signal.
Permanent records of evaluation include Doppler sounds with the technician's comments on the tape recorder, velocity tracings recording from the strip chart recorder and a polaroid picture of the velocity flow map from the storage oscilloscope.
Technique
The patient is initially interviewed, usually by the technician, with emphasis on TIA symptoms, relevant risk factors and present medications. This is followed by recording of blood pressures, palpation of peripheral arteries and auscultation over precordium, supraclavicular, paracervical and orbital regions. Bruit radiating from precordium or supraclavicular region is recorded as such and only a bruit which is maximal at midcervical region or below the angle of the jaw is noted as a cervical bruit. tArtery reported markedly stenosed on Doppler evaluation and found to be normal or mildly ( < 50%) stenosed on angiography.
While in a supine position the patient's head is slightly extended by placing a small pillow underneath his neck. The transducer on the scanning arm is directed cephalad approximately 60°, to obtain a significant Doppler shift signal. Aqueous coupling gel is applied liberally along the paracervical region in the suspected course of the common carotid artery. By means of a continuous up and down movement the probe is moved from the supraclavicular region to the angle of the jaw until the carotid bifurcation is well visualized. Stereo tape recording of Doppler signals throughout the course of the vessels visualized, with appropriate comments by the technician, is obtained. Synchronized recording of the velocity flow signal from the strip chart recorder is also obtained. A Polaroid photograph is taken of the image on the storage oscilloscope and the procedure is repeated on the opposite side. The 5 mHz probe is then removed from the transducer arm and the direction of the ophthalmic artery flow is found (normal being toward the probe) by directing the beam retroorbitally through the closed eyelid. The procedure takes approximately 45 minutes and is performed by a technician unless problems arise. Evaluation interpretation is performed by a physician and requires approximately 5-10 minutes. 
Results
Of the 137 patients evaluated by the above technique, 38 underwent transfemoral angiography with adequate visualization of 73 carotid bifurcations. Three carotid bifurcations were not visualized angiographically in 3 patients because their physicians chose to obtain an angiogram from only 1 of the 2 bifurcations examined by Doppler scan.
All 38 patients underwent Doppler evaluation prior to angiography and results were recorded in their hospital chart. The percent stenosis noted at angiography was determined from the average stenosis on AP and lateral projections. The results from angiography were determined independently from Doppler cerebrovascular evaluation. Table 1 summarizes our results of cerebrovascular evaluation (CVE) correlated with all angiograms. Table 2 compares CVE only with angiograms showing some degree of stenosis or occlusion (positive angiograms). We then compared our findings from auscultation for a cervical bruit and determination of directional ophthalmic Doppler flow signal, independently, with all angiograms (table 3) and only positive angiograms (table 4) . Ophthalmic Doppler flow signal was interpreted only as to direction and not evaluated as to quality or intensity. There were no arterial compressions performed during our evaluation. Finally, Table 5 compares our results with those of other investigators using a similar technique.
Discussion
Comparison of our data with those reported by Spencer et al. 10 produced very similar results, while there is some discrepancy with results from Blackwell et al. 12 We reported a positive angiogram as showing a stenosis of 50% or greater, as did Spencer, but this was not specified by Blackwell. If the latter considered a lesser stenosis as being positive, this may account for the variance.
CVE utilizing Doppler scanning of the carotid arteries is excellent for screening patients suspected of having extracranial carotid artery disease, but, as can be seen in table 2, one of the major shortcomings of this evaluation is the inability to detect a mild (<50%) stenosis which in certain circumstances may be ulcerated and a source of embolic material causing TIAs. 13 There are changes in the Doppler signal which may indicate a nonstenosing plaque (inverted and biphasic analogue tracing, coarse and low frequency signals, nonsounding gaps in Doppler image), but do not definitely connote ulceration. In fact, we have found at least 1 of the above changes at the carotid bifurcation in most patients evaluated who were 45 years-of-age or older and we feel it indicates early atherosclerosis with calcification, as suggested by Spencer. 10 Marked stenosis is most frequently noted as a high frequency Doppler signal occasionally associated with a fluttering or thumping distal to the stenosed segment ( fig. 2) . Occlusion of the internal carotid artery is characterized by a nonvisualized segment distally ( fig.  3 ) and usually a reversed ophthalmic artery signal. The latter finding may be misleading as it was in the 1 case, early in our clinical trial, with occlusion, which we misinterpreted. The Doppler visualized picture was compatible with occlusion of the internal carotid artery, but the ophthalmic artery flow signal was in the appropriate direction. On angiography it was apparent that the internal carotid artery was occluded and that the appropriate ophthalmic flow signal was due to collateral circulation from the vertebrobasilar system and opposite internal carotid artery.
Determination of directional ophthalmic Doppler flow signal by itself was a poor indicator of mild (0%) or marked internal carotid stenosis (27%), but was significantly better for occlusion (80%), indicating that this, by itself, would be a poor screening test.
A noncardiac transmitted cervical bruit has variably been reported to indicate carotid stenosis. 
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We found a cervical bruit in all 12 patients with marked stenosis of the internal carotid artery and in 1 of the 5 patients with an occluded internal carotid artery (felt to be due to increased flow through ipsilateral external carotid artery). The major deficiencies of screening patients by auscultation for a cervical bruit is the high incidence of false positives (12% in our series) and inability to detect an individual with a nonstenotic ulceration or occlusion of internal carotid artery.
